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TITLE OF THE INVENTION 

Process for Discharging and Transferring Fluidized 

Particles 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a process for 
discharging and transferring fluidized particles from 
a dense fluidizing layer forming section to a high- 
velocity transferring section having a diameter 
smaller than the dense fluidizing layer forming 
section . 

Description of the Prior Art 

Conventionally, fluidizing layers (beds) have 
been widely used in the treatments or chemical 
reactions of particles or gas. Fluidizing layers vary 
in form, and particularly ' fluidizing layers which 
circulate fluidized particles through the outer 
equipment have been applied to a reaction such as a 
petroleum catalytic cracking process which requires 
the continuos regeneration of catalyst. 

In order to improve the operation stability and 
reaction result of a system using such a circulating 
fluidizing layer, it is necessary to continuously 
circulate the fluidizing layer in a stable manner. For 



that purpose, it is important to permit the smooth 
continuous discharge, transfer and supply of particles 
from the fluidized layer- In recent years, there has 
been proposed a high-performance petroleum catalytic 
cracking process known as downf low type fluid catalytic 
cracking process hereinafter referred to as "downer 
type FCC" . In this process, the catalyst flows 
downwardly through the reactor. Therefore, 
thereafter it is necessary to transfer the catalyst 
upwardly while being regenerated- The present 
invention is the most effective when being applied to 
such a system. 

Description of the prior art 

Typical examples of conventional downer type FCC 
reactors are disclosed in Japanese Patent Publication 
Nos. 2,523,325 and 2,590,009. In these methods, the 
catalyst regenerator wherein a dense fluidizing layer 
is formed has an upper portion which is conical and 
connected to a high- velocity transferring section 
hereinafter referred to as "riser", thereby making it 
possible to transfer the catalyst up to a height which 
is required by the downer, i.e., down flow reactor as 
well as continuous regeneration of the catalyst. In 
such systems, sufficient contact time required for the 
regeneration in the dense fluidizing layer can be 
ensured and the regenerated catalyst can be transferred 
and discharged by the riser without additional gas flow 



and mechanical operation. 

However, although these systems excel in 
principle, they can not avoid the amount of particles 
to be transferred from the dense f luidized layer to the 
riser from varying due to the changes of the f luidizing 
state in terms of time and position which are peculiar 
thereto. As a result, there occur pressure loss in the 
riser and changes in the residence time of particles 
in the regenerator, leading to changes in the results 
of the treatments in the decomposition section and the 
catalyst- and adhered oil removing sections. These 
factors cause the decrease of the total reaction 
results and unstable operation. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a process which can achieve the stable and uniform 
transfer of particles by decreasing the degree of 
changes in the amounts of particles to be discharge from 
the dense fluidizing layer and transferred by the riser 
and is simple in structure and hard to have troubles 
such as wear and malfunction of the apparatus. 
Particularly when the process of the present invention 
is applied to a circulating fluidizing layer system 
such as a downer-type FCC, the operation is stabilized 
with the regeneration and decomposition steps 
sufficiently progressing, leading to an improvement in 
the reaction result. 



According to the present invention, there is 
provided a process of discharging and transferring 
upwardly fluidized particles from a dense fluidizing 
layer forming section to a high-velocity transferring 
section having a diameter which is smaller than the 
dense fluidized layer forming section wherein at least 
one intermediate cylindrical section is provided 
between the dense fluidized layer forming section and 
the high-velocity transferring section. 

According to another aspect of the present 
invention, the diameter of the intermediate 
cylindrical section is preferably 1/3 to 2/3 time that 
of the dense fluidizing layer forming section. 

According to another aspect of the present 
invention, the height of the intermediate cylindrical 
section is preferably 1 to 6 times the diameter thereof. 

According to another aspect of the present 
invention, the intermediate cylindrical section has 
preferably the truncated cone- ends connected to the 
dense fluidized layer forming section and the high- 
velocity transferring section, respectively. 

According to another aspect of the present 
invention, the truncated cone end directly connected 
to the dense fluidized layer forming section has 

preferably an elevated angle of 40 to 80° . 

According to another aspect of the present 
invention, preferably only one intermediate 



cylindrical section is provided. 

According to another aspect of the present 
invention, the average particle size of the fluidized 

particles is preferably 30 to 90 /im, and the gas 
superficial speed for fluidization is preferably 0.3 
to 1.2 m/s in the dense fluidizing layer forming section 
and 3 to 30 m/s in the high-velocity transferring 
section . 

BREIF DESCRIPTION OF THE DRAWING 
FIG. 1 is a flow diagram of the apparatus used in 
the example. 

DETAILED DESCRIPTION OF THE INVENTION 
1) Fluidized state and selection thereof 

For a catalytic reaction, a uniform fluidizing 
state where gas and particles contact well can be 
obtained using finely divided particles having an 
average particle size of 30 to 90 //m, and preferably 
50 to 70 jum. When such finely divided particles are 
used and the superficial velocity of fluidizing gas is 
0.3 to 1.2 m/s, and preferably 0.4 to 1 m/s, a dense 
fluidizing layer with a relatively large density is 
usually formed. Such a dense fluidizing layer is • 
mostly distinguished from a bubble fluidizing layer and 
a turbulent fluidizing layer. 

When the gas superficial velocity is 3 to 30 m/s, 
and preferably 5 to 20 m/s, a high-velocity 
transferring layer with a relatively small density is 



formed in which the particles are transferred at a 
higher velocity. This is a so-called sparsely 
transferring layer, air current transfer, or riser. 
The dense fluidizing layer is suitable for a 
regeneration reaction which is expected to be carried 
out at a constant temperature for a long period of time 
because the temperature distribution of the fluidizing 
bed is uniform and the residence time for particles can 
be prolonged. Since in the high-velocity transferring 
layer, particles are transferred at high velocity 
together with gas, the layer is suitable for 
transferring particles. The present invention is 
based on the selection and combination of these layers. 
2) Transferring of particles and adjustment thereof 
Higher the gas superficial velocity is, the amount 
of particles to be discharged and transferred from the 
dense fluidizing layer is larger. Furthermore, the 
higher the dense fluidizing layer and thus shorter the 
upper space (hereinafter referred to as freeboard) of 
the dense fluidizing layer forming section, the amount 
is also larger. As mentioned above, since the gas 
superficial velocity is limited for the formation of 
the dense fluidizing layer, it is necessary to make the 
freeboard short by increasing the height of the 
fluidizing layer so as to increase the amount of 
particles to be transferred. Generally, since in the 
conventional FCC, the circulating fluidizing layer 



needs a relatively large amount of catalyst, the 
freeboard must be decreased so as to discharge the large 
amount of catalyst. 

When observing the surface of a dense fluidizing 
layer, it is non-uniform in terms of time and position. 
Furthermore, clusters of particles jump out from the 
surface when bubbles rising through the layer rapture. 
Thereafter, the clusters break up, and then the 
descending of a part thereof and the rising of the 
remaining clusters are repeated. In a shorter 
freeboard, the clusters can not break up completely 
even though the upper portion of the dense fluidizing 
layer forming section is formed into truncated cone. 
Therefore the cluster can pass through the upper 
portion and reached the high-velocity transferring 
section. As a result, the amount of transferred 
particles varies and pressure loss occurs. 
3) Features of the present invention 

The present invention provides a process of 
discharging and transferring upwardly fluidized 
particles from a dense fluidizing layer forming section 
to a high-velocity transferring section having a 
diameter which is smaller than the dense fluidized 
layer forming section, characterized in that at least 
one intermediate cylindrical section is provided 
between the dense fluidized layer forming section and 
the high-velocity transferring section. 



In the present invention, the intermediate 
cylindrical section is not limited to a normal 
cylindrical shape of which upper and lower portions 
have the same diameter and encompasses a substantially 
cylindrical shape whose upper and lower portions have 
a different diameter. That is, the intermediate 
cylindrical section may be those whose lower portion 
has a larger diameter than the upper portion or whose 

elevation angle is 85° or greater. Furthermore, the 
intermediate cylindrical section includes any 
cylindrical shape whose center portion is bulged or 
constricted . 

The diameter of the intermediate cylindrical 
section is preferably 1/3 to 2/3 time larger, and more 
preferably 2/5 to 3/5 time larger than that of the dense 
fluidizing layer forming section. Using an 
intermediate cylindrical section with such a size in 
relation to the dense fluidizing layer forming section, 
the gas velocity in the intermediate section reaches 
about 3 to 6 times faster velocity than the gas 
superficial velocity in the dense fluidizing layer and 
is sufficient to break up the above-mentioned clusters. 
Furthermore, the diameter of the intermediate 
cylindrical section is preferably 1 .2 to 7 times larger, 
and more preferably 1.5 to 5 times larger than that of 
the high-velocity transferring section. 

The height of the intermediate cylindrical 



section is preferably 1 to 6 times, and more preferably 
1.5 to 4 times the diameter thereof. The height which 
is less than 1 time the diameter is insufficient to break 
up the clusters and thus can not make the particles 
disperse uniformly in the gas, possibly resulting in 
the failure to obtain the good results to be achieved 
by the present invention. The height which is more than 
6 times the diameter can not exhibit significant 
changes in effect and merely makes the apparatus larger. 
Therefore, it is disadvantageous in terms of cost. 

A plurality of the intermediate cylindrical 
sections may be provided. However, a plurality of the 
intermediate cylindrical sections only make the 
structure of the apparatus complicated and exhibit 
almost no significant change in the effect achieved 
thereby. Therefore, it is preferred that one 
intermediate cylindrical section be provided. 

The intermediate cylindrical section preferably 
has the truncated cone ends connected to the dense 
f luidizing layer forming section and the high- veloc ity 
transferring section, respectively . 

No particular limitation is imposed on the 
elevation angle of the truncated cone ends which, 

however, is preferably 40 to 80° . Particularly, the 
elevation angle of the lower truncated cone end which 
is closer to the dense fluidizing layer forming section 
is preferably 40 to 80° , and more preferably 45 to 75° . 



The elevation angle of less than 40° is not worth 
forming the end to be truncated and possibly make the 
particles separate easily from the gas flow. The 

elevation angle of larger than 80° merely increases 
the height of the truncated end and can not obtain the 
effect as better as expected, resulting in an increase 
in the height of the apparatus which is disadvantageous 
in terms of cost. 

The elevation angle of the truncated end to be 
connected to the dense fluidizing layer forming section 
may be the same or different from that of the truncated 
end to be connected to the high- veloc ity transferring 
s ec t ion . 

Each of the truncated ends may be formed with one 
truncated portion with a single elevation angle or may 
be formed with a plurality of truncated portions each 
having a different elevation angle. However, the 
former is preferred. 

In the process of the present invention, clusters 
rising through the lower truncated end break up while 
rising through the intermediate cylindrical section 
such that the particles rise with uniformly dispersed 
in the gas. Therefore, since the inventive process 
makes it possible to decrease the degree of changes in 
the amounts of particles to be discharged from the dense 
fluidizing layer forming section and transferred by the 
riser can be decreased, the process is almost free from 



changes in the amount of particles to be transferred 
through the high- veloc ity transferring section and 
from pressure loss, thereby being able to achieve a 
stable particle transfer. 

The present invention need substantially no 
structural object in the apparatus and is, therefore, 
free from troubles such as wear of parts in the apparatus 
and crush of particles. 

The present invention is now described in more 
detail with reference to the annexed drawing. 
Example 

1 ) Experimental apparatus 

The experimental apparatus had two truncated 
portions, and each of the parts were made of a 
transparent plastic so as to be able to observe the 
inside thereof. Pressure change in the lower portion 
of the riser was measured with a strain gauge. 

FIG. 1 shows a flow of the apparatus. 

The specifications of each part of the apparatus 
are as follows . 

Dense fluidizing forming section (11) 

Diameter Dy = 5.0cm, Height Hy = 30m 
Lower truncated portion (12) 

Elevation angle 0 x = 60° , Height H cl = 2.0cm 
Intermediate cylindrical section (13) 
Diameter D p = 2.6cm, Height H p = 10cm 
H p /D p =3.8 



Upper truncated portion (14) 

Elevation angle 0 2 = 60° , Height H c2 = 1,3cm 
Riser (5) 

Diameter D R = 1,1cm, Height H R = 1.5m 
2) Experimental conditions 

The fluidized catalyst was a normal FCC catalyst 
with an average particle diameter of about 60 jultxh and 
a bulk density of 0.827g/cm 3 . The fluidizing gas was 
air supplied at ordinary temperature and atmospheric 
pressure . 

The other conditions are as follows. 

Filling amount of the particles W s = 325g 
Layer height at rest L q = 20cm 
Fluidizing gas flow rate V G = 40L/min 
The superficial gas velocities at each part were 
as follows . 

Dense fluidizing layer forming section 

U 0 = 33 cm/s 
Intermediate cylindrical section 

U p = 1.25 m/ s 
Riser 

U R = 7 . 0 m/s 
3) Experimental Results 

Dense fluidizing layer density 

p t = 0.517g/cm 3 
Fluidized layer height 
L f > 30 cm 
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Circulating rate of transferred particles 
E s = F s = 4 . 8 g/s 

Average pressure change in the riser 
AP R = 7 8.4 Pa (8 mmaq) 
4) Observation Results 

It was observed that clusters of particles jumping 
out from the fluidizing layer collapsed in the 
freeboard and particles rose through the riser (15) 
with uniformly dispersed in the gas. It was also 
observed that no time variation in particle load to the 
cyclone separator (16) occurred, and no clogging from 
the separator (16) to the particle down-flow 
circulating line (17) occurred. 
[ Comparative Example ] 

An experiment was conducted under the same 
conditions as those of Inventive Examples using an 
apparatus whose truncated portion (12) was directly 
connected to the rise (15) and whose remaining parts 
were the same as those of the apparatus used in Inventive 
Example. As a result, it was observed that pressure 
change in the riser was 127. 4Pa (13 mmaq) and increased 
1.6 time more than that of Inventive Example. It was 
also observed that the collapse of the clusters rising 
from the fluidizing layer was insufficient, and most 
of the clusters passed through the truncated portions 
and reached the riser. Furthermore, it was observed 
that bulks of particles in the form of highly-dense 



vertical stripes were transferred, varying in time. 
Variation in particle load was observed in the cyclone 
and the following particle down-flow circulating line 
and clogging occurred frequently. 
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